The crystal structure of the title zwitterionic zirconocene complex containing a furanone unit, [AlZr(C 10 H 15 ) 2 (C 4 H 9 ) 3 (C 9 H 18 O 2 Si 2 )], is reported. On reacting a zirconafuranone with two equivalents of HAl(i-Bu) 2 , disproportionation of the Lewis acid results in the formation of a triisobutylaluminium fragment, Al(i-Bu) 3 , which coordinates to the exocyclic carbonyl O atom of the zirconafuranone ring. Single-crystal X-ray diffraction reveals that the zirconafuranone ring remains intact with coordination of the aluminium to the exocyclic O atom. One of the i-butyl groups is disordered over two sets of sites, with an occupancy ratio of 0.731 (3):0.269 (3).
Chemical context
Metallocene complexes of early transition metals can be activated by strong Lewis acids for many catalytic purposes. Reactions of group 4 metallocene complexes with Lewis acids such as HAl(i-Bu) 2 , Al(i-Bu) 3 and also B(C 6 F 5 ) 3 are therefore of great interest and have been studied intensively (Brintzinger et al., 1995) . It has been reported previously that titanaand zirconacycles react readily with Al(i-Bu) 3 /HAl(i-Bu) 2 to give either heterobimetallic complexes with interesting structural features (Erker et al., 1992; Arndt et al., 2001) or zwitterionic binuclear compounds (Erker et al., 1992; Burlakov et al., 2004 Burlakov et al., , 2006 Burlakov et al., , 2011 . The latter demonstrated remarkable catalytic activity in the ROP of "-caprolactone (Arndt et al., 1996; Arndt et al., 1997) . The structure of a zwitterionic zirconocene ester enolate complex and a tantalactone, each coordinated to Al(C 6 F 5 ) 3 units, were reported recently (Tsurugi et al., 2006) . The role of the zirconocene complex as an intermediate in the isospecific polymerization of methacrylates has been discussed (Zr: Bolig & Chen, 2004; Ta: Tsurugi et al., 2006) . Recently, we found that the reaction of a zirconadihydrofuran with HAl(i-Bu) 2 gave a 1:1 complex where, in addition to the coordination of the aluminium atom to the oxygen of the intact furan ring, a Zr-H-Al bridge was obtained. This compound also behaves as an active catalyst in the ROP of "-caprolactone (Burlakov et al., 2017) . In addition, a zwitterionic hafnocene furanone-B(C 6 F 5 ) 3 adduct has been synthesized and structurally characterized (Beweries et al., 2009) . We were therefore interested in the reactivity of the zirconafuranone 1, whose crystal structure has been reported (Pellny et al., 1999) , towards HAl(i-Bu) 2 . ISSN 2056-9890 In the present work, the zirconafuranone 1 reacts with two equivalents of HAl(i-Bu) 2 , and a disproportionation of the Lewis acid gives a triisobutylaluminium fragment, leading to the formation of the zwitterionic title compound 2 by coordination of Al(i-Bu) 3 to the exocyclic carbonyl oxygen of the zirconafuranone ring (see Scheme).
Structural commentary
The molecular structure of 2 (Fig. 1) shows a bent zirconocene unit, together with a planar five-membered metallacycle (the intact zirconafuranone) with an aluminium atom of the i-Bu 3 Al group coordinated to the exocyclic oxygen atom. The values of the Al1-O2 distance [1.9016 (10) Å ] and the Al1-O2-C3 angle [134.62 (9) ] are as expected. As a result of the complexation of the organoaluminium unit in 2, the C3-O2 bond is essentially elongated compared to that in the starting complex 1 [1: 1.222 (6), 2: 1.2605 (15) Å )] whereas the C3-O1 bond is shortened [1: 1.326 (6), 2: 1.2819 (15) Å ]. This shortening is accompanied by an elongation of the Zr1-O1 distance [1: 2.048 (4), 2: 2.0891 (9) Å ] and a slight decrease in the C2-C3 distance [1: 1.524 (7), 2: 1.5055 (18) Å ]. All these bond lengths lie in the expected ranges and similar values have been reported for a hafnocene complex coordinated with B(C 6 F 5 ) 3 (Beweries et al., 2009) , and for zwitterionic adducts of the Lewis acid Al(C 6 F 5 ) 3 to either a zirconocene enolate (Bolig et al., 2004) or a tantalalactone (Tsurugi et al., 2006) . These effects can be explained by a contribution of the resonance forms 2a-2c to the electronic structure of complex 2 (Fig. 2) .
The zirconafuranone metallacycle in 2 retains its virtually planar structure. The endocyclic C1-Zr1-O1 bond angle [74.44 (4) ] is close to that in the starting complex 1 [75.5 (2) ]. The Al atom deviates from the zirconafuranone plane by 0.21 Å .
Supramolecular features
For the title complex 2 no significant supramolecular features are observed. The crystal packing appears to be dominated by van der Waals interactions (Fig. 3) .
Synthesis and crystallisation
All operations were carried out under argon with standard Schlenk techniques or in a glovebox. The starting zircononafuranone 1 was prepared according to a method previously described in the literature (Pellny et al., 1999) .
A commercial 1 M solution of i Bu 2 AlH in cyclohexane was purchased from Sigma Aldrich and used as received. Solvents were purified by conventional methods and were distilled twice over metallic sodium (toluene, n-hexane) C NMR spectra were recorded on Bruker AMX-400 and AV-400 spectrometers. The IR spectra were recorded on a Nicolet Magna IR-750 FTIR spectrometer. The mass spectra were measured using a MAT 95-XP instrument.
Synthesis of 2: To a solution of 1 (0.216 g, 0.38 mmol) in 7-8 mL of toluene were added 0.8 mL of a 1 M solution of i Bu 2 AlH (0.8 mmol) in cyclohexane. The resulting mixture was stirred for several minutes and then allowed to stand under Ar at room temperature. After one day, the resulting yellow solution was evaporated under vacuum to give an oily yellow residue. Then, n-hexane (1.0-1.5 mL) was added and the solution obtained allowed to stand overnight at room temperature. The following day, the precipitated fine crystalline orange complex 2 was separated from the mother liquor by decanting, washed with cold n-hexane and dried in vacuum. Yield of 2: 0.221 g (74%). A recrystallization of the complex from n-hexane gave 0.114 g of red-orange crystals of 2 suitable for an X-ray diffraction study. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were placed in idealized positions and refined using a riding model: C-H = 0.98-1.00 Å with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (C) for other H atoms. One of the i-butyl groups was found to be disordered over two sets of sites (C11A, C12A, C13A/C11B, C12B, C13B) with an occupancy ratio of 0.731 (3):0.269 (3). The EADP instruction was used during modelling of this group. The DFIX instruction was used for restraining the distance C11B-C13B. Computer programs: APEX2 and, SAINT (Bruker, 2011) , SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , XP in SHELXTL (Sheldrick, 2008) and publCIF (Westrip, 2010 
Computing details
Data collection: APEX2 (Bruker, 2011 ); cell refinement: SAINT (Bruker, 2011) ; data reduction: SAINT (Bruker, 2011);  program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: XP in SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

